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MEASUREMENT OF THE'ATMOSPHERIC TURBULENCE I N N E R  SCALE BETWEEN 

80 AND 100 KM 
! 

H. Teitelbaum 

ABSTRACT 

Theoretical considerations are presented, introducing 

the structure function and establishing its form in conriec- 

tion with the so-called inner scale as a function of dissi- 

pated energy and kinematic viscosity. 

This theory is then used to determine the inner scale 

. of the atmospheric turbulence by means of alkaline clouds; 

experimental techniques and data are presented. 

I. Introduction I 

In almost all experiments conducted with alkaline clouds in the upper at- 

mosphere, the clouds present a certain property beween 80 and 105 km. In this 

zone the cloud not only appears to be deformed by winds, but also shows an ir- 
.I 

regular structure produceaby turbulent movements (res 1 and 2) .  /1* 1 

We shall show here that information can be obtained on atmospheric turbu- 
A 

lence by studying cloud structure, and we shall give the first findings obtained 

this way. 

11. Theory 

When a fluid contains a scalar quantity, this quantity i s  distributed ac- 

cording to the movements of the medium. When fluid passes from a zone with a 

*Numbers given in the margin indicate pagination in original foreign text. 
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ntration to another zone of diff rent concentration, a density grad- 

ient is produceawhich molecular diffusion tends to dissipate. In other words, 

thqre is an interaction between turbulent convection and molecular diffusion; 

the former causes inhomogeneities which the latter destroys. 

Let us designate 8 as the concentration of scalar quantity. The total in- 

homogeneity in volume V is defined as : 

The variation of G with respect t o  time is (ref. 3)  

where D = coefficient of molecular diffusion, 

K = coefficient of turbulent diffusion. 

When there is equilibrium between the format-on and the destruct-Dn of 

inhomogeneities, we have: 

N is the quantity of inhomogeneity which is formed in the unit time as a result 

of turbulent movements, and which dissipates due to molecular diffusion. It 

plays the same part in the distribution process of a scalar a s  does energy dis- 

sipated in the movement of the fluid. This theory, which has been applied to the 

study of heat transfer in a turbulent fluid, permits an interpretation to be 

made of the mixture of gases when the coefficient of mutual diffusion is con- 

s tant (ref. 4). 



Just as for a field of velocities, we can define a structure function as: 

This type of function was first used by Kolmogorof to study locally homogeneous 

fields where a correlation function cannot be defined. , &  
Beginning with dimensional considerations, and bearing in mind the para- 

' .  meters on which the structure function may depend for different ranks of the 

variable, the following has been established for the function: 

where N corresponds to expression(1); 

€ is the energy dissipated for unit mass and unit time; 

L is the distance for which the structure function attains its maximum 

value; it is also called the turbulent outer scale; 

1, is the abscissa qf the intersection of (3) and, ( 3 ' ) ;  it is called the 

turbulent inner scale; it is the parameter we measured; a d  

a is a dimensionless constant. 

From (3) and ( 3 ' ) ,  we derive 

3 3 '  

. 4  . 27 a D 

' 0  
, I  

We will obtain the value of cons'tant a by spectral functions. 



Consideringthat the  concentrat ion i s  an  a l ea to ry  func t ion  of a l o c a l l y  

homogeneous f i e l d ,  i t  can be represented by a F o u r i e r - S t i e l j e s  s t o c h a s t i c  in-  

t egra 1 

Considering t h a t  

t he  fol lowing r e s u l z s  f o r  t he  s t r u c t u r e  func t ion  

When the  f i e l d  i s  i s o t r o p i c ,  by i n t e g r a t i n g  i n  a l l  d i r e c t i o n s  i n  t h e  space 

of wave numbers w e  ob ta in  

f2 from which we der ive :  

The form a (k) which s a t i s f i e s  expression (6) w i th  D(r) given by (3') i s  

( r e f .  3) 

For equal  c o e f f i c i e n t s  of molecular d i f f u s i o n  and of kinematic v i s c o s i t y ,  

t h e  energy spectrum and the  inhomogeneities take  the  same form up t o  a de te r -  

mined va lue  of k from which both decrease r ap id ly  ( r e f s .  5 and 6). 



Townsend ( r e f .  7) showed t h a t  t h e  d i s s i p a t i o n  of energy takes  place bas- 

i c a l l y  around a wave number expressed as 

I f  we c a l c u l a t e  N from expression (7), with  Q (k) given by ( 8 ) ,  and i n t e -  

g r a t e  t o  the  va lue  of k given by (9), w e  can c a l c u l a t e  t h e  va lue  of a,  which 

i s  
a = 8.  

The s t r u c t u r e  func t ion  of t he  v e l o c i t i e s  br ings  us  t o ' t h e  fol lowing ex- 

p res s ion  for t h e  inne r  s c a l e  

where v i s  the  c o e f f i c i e n t  of kinematic v i s c o s i t y 9  
n 

C i s  a dimensionless constant .  
/ 

,By  another  procedure the  value of constant  C w a s  es t imated a t  1.6 ( r e f .  8). 

Assuming 

w e  a g a i n  o b t a i n  a = 8 f o r  t h e  case i n  which D = V .  
A 

111. Applicat ion t o  a l k a l i n e  Glouds 

The sodium cloud i s  a s c a l a r  quant i ty .  1 t s . a t o m i c  weight i s  p r a c t i c a l l y  

equal  t o  the  average molecular weight of atmospheric components a t  100 km, i n  

t h e  case of D = v .  



Xn the case of using trimethyl-aluminum, the substance which becomes vis- 

ible is aluminum oxide. Its molecular weight is larger; the coefficient of mo- 

lecular diffusion is therefore smaller. 

When v >> D, a dissipative zone can be defined in the spectrum which is 

found beyond the intersection due to viscosity (refs. 5 and 6 ) :  /4 

There is then a distinct form for the spectrum as well as for the structure func- 

tion. In the case-considered, this zone is sufficiently reduced for it to be sim- 

I ilar to the case of sodium. 

Considered is the measurement of the structure function in alkaline clouds 

to derive the value of the inner scale of atmospheric turbulence. 

We shall obtain the function, except for an unimportant factar, since the 

use of the logarithmic scale permits us to find 1, as an abscissa of the point 

2 of intersection of two lines of slopes 2 and - 3 '  

I 

t 

IV. Experimental technique 

The measurements were made on photographs of the clouds taken with a tele- 

scope having a focal distance of 60 cm and a diameter of 50 cm. 

A photometer equipped with a notch which can be adjusted for width 

height permits us to measure~the transparency of the negative on points along 

the axis of an approximately cylindrical zone of ihe cloud. 

and 

We performed the sensitometry of the film by means of a tube sensitometer. 

We must consider the angle formed by the cloud a d  the focal time of the 

telescope, as well as the thickness of the former projected on the latter. 

This makes the function which we measure on the plate ' 

.u 



We reduced t h i s  func t ion  t o  a ca lcu lab le  form and w e  ca l cu la t ed  i t  f o r  d i f -  

I f e r e n t  va lues  of t he  angle  of pro jec t ion  and of lo. I n  t h i s  way we t raced  a 
~ 

curve which g ives  us  the  r e l a t i o n  wi th  the  average inne r  s c a l e  measured on the  

f i l m  (des igna te l l ' ,  and lo); t h i s  permits us t o  make the  necessary co r rec t ions  

(see f i g .  1). 
I 

The sodium cap be seen because of o p t i c a l  resonance; consequently,  when 

t h e  o p t i c a l  th ickness  i s  g r e a t e r  than 0.3, mu l t ip l e  d i f f u s i o n  i n s i d e  t h e  cloud 

f a l s i f i e s  t h e  r e s u l t s .  

. -. 
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Figure 1. 
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Our measurements with sodium were made in an absorption-visible zone on 

the bottom of another higher zone of the same cloud. In this case the effect of 

multiple diffusion is negligible. 

A relative error in estimating the distance betweenathe telescope and the 

cloud produces the same relative error in lo. Errors of 20 degrees in the angle 

of projection cause a 10 percent error .in the most unfavorable part of the cor- 

rection curve. Nevertheless, to know these data precisely enough for photogram- 

metric restitution of the. cloud, we assumed a 15 percent error. 

v. Results 
I 

For a sodium cloud experiment, 

photographs taken of two absorption-observed zoties on February 13, 1964 

at 6 am, in Hammaguir, were studied. Results indicated that: , 
, 

1, = 320 z50m at 92km altitude (fig, 2) 

1, = 470 T70m at lOOkm (fig. 3) ' 
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Figure 3 

On 13 FebLary 1964, a l s o  i n  Hammaguir, a trimethyl-aluminum cloud was photo- 

graphed. The r e s u l t  w a s :  

1, = 190 f30m a t  95km ( f i g .  4) 

W e  c a l cu la t ed  the  va lue  of € with  t h e  c o e f f i c i e n t  of kinematic v i s c o s i t y  

given f o r  t h e  ARDC model. 

This  i s  obviously q u i t e  un re l i ab le ,  i n  t h e  f i r s t  p lace  because 1, i s  r a i s e d  

t o  t h e  f o u r t h  power, and i n  the  second p lace  because v v a r i e s  g r e a t l y  wi th  the  

a l t i t u d e .  Nonetheless, we f e e l  t h a t  these  resu l t s  g ive  an idea  of t he  d i s s ipa -  

t i o n .  

The sodium experiment gave the fol lowing r e s u l t s :  

- -  
= 5 erg gm-' 8-1 at 92 km. 

c 100 erg gm" so' ,at 100 km, 

For t h e  trimethyl-aluminum, the  r e s u l t  i s :  . 

* 220 erg gm" 0-I - "  at 95 km. 

9 
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Figure 4.  

' This  study w a s  made i n  the  Service d'A6ronomie de CNRS (France).  My g ra t e -  

f u l  apprec i a t ion  t o  Professor  Blamont,who d i r e c t e d  and encouraged me during my 

research .  I a l s o  thank the  Argentine National Commission on Space 

which suggested and f a c i l i t a t e d  my s t a y  i n  t h a t  s e rv i ce .  
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